Abstract HOX transcript antisense intergenic RNA has been reported to serve as an important prognostic biomarker in several types of cancers. However, the clinical value of HOX transcript antisense intergenic RNA in digestive cancers remains unclear. Therefore, we tried to investigate the clinical role of expression of HOX transcript antisense intergenic RNA as a prognostic indicator in digestive cancers by a meta-analysis. Literature collection was performed by searching the PubMed, Embase, Web of Science, and Cochrane Library databases (up to October 7, 2017). A quantitative meta-analysis was conducted to assess the eligible articles on the prognostic value of HOX transcript antisense intergenic RNA in digestive cancers. The pooled hazard ratios or odds ratios with 95% confidence intervals were used to evaluate the association between expression of HOX transcript antisense intergenic RNA and clinical outcomes. A total of 1844 patients from 22 studies were included in this meta-analysis. The results found a significant association between expression of HOX transcript antisense intergenic RNA and poor overall survival in digestive cancers (pooled hazard ratio ¼ 2.19, 95% confidence interval, 1.86-2.57, P < .001). Furthermore, subgroup analysis showed that tumor type, region, Newcastle-Ottawa scale, and sample size did not alter the predictive value of HOX transcript antisense intergenic RNA as an independent factor for patients' survival. In addition, we also revealed that the clinicopathological characteristics such as differentiation, lymph node metastasis, tumor node metastasis (TNM) stage, and distant metastasis were positively related to expression of HOX transcript antisense intergenic RNA digestive cancers. In conclusion, our results suggested high expression of HOX transcript antisense intergenic RNA was correlated with poor clinical outcomes and may serve as a novel prognostic biomarker for patients with digestive cancers.
Introduction
Digestive cancers are one of the most prevalent cancers and a leading cause of cancer-related deaths worldwild. 1 Although there are various effective techniques for cancer diagnosis and treatment, the prognosis of patients with digestive cancers still remains poor. [2] [3] [4] [5] Therefore, it is necessary to urgently identify some applicable biomarkers for digestive cancers. Recently, long noncoding RNAs (lncRNAs) were reported to play an important role in numerous human diseases, including cancer.
The LncRNAs are evolutionarily conserved nonprotein coding RNAs that are longer than 200 nucleotides in length. 6 Although previous opinions agreed that lncRNAs were one kind of transcriptional noise, in recent years, several studies have reported that lncRNAs could regulate gene expression via different molecular mechanisms, including transcriptional and posttranscriptional processing, chromatin modification and epigenetics, genomic imprinting, protein activity modulation, and protein localization. 7, 8 An emerging evidence has suggested that the aberrant expressions of several confirmed cancer-related lncRNAs including HOX transcript antisense intergenic RNA (HOTAIR), MALAT1, CRNDE, and GAS5 are associated with tumorigenesis, metastasis, and prognosis in digestive cancers. However, the role of most lncRNAs in the progression and prognosis of digestive cancers still remains unclear. [9] [10] [11] [12] HOX transcript antisense intergenic RNA was first identified as a nuclear lncRNA with a length of 2158 bp and expressed from the HOXC locus on chromosome 12q13. 13. 13 According to a genome-wide analysis, the silencing of HOTAIR expression could regulate the expression of various cancer-related genes that are associated with tumor growth, apoptosis, cell differentiation, invasion, and metastasis. [13] [14] [15] Recent studies have reported that aberrant expressions of HOTAIR were found in different types of cancers, including breast cancer 16 , cervical cancer 17 , colorectal cancer (CRC) [18] [19] [20] [21] , gastric cancer (GC) 9, [22] [23] [24] [25] [26] [27] [28] [29] , pancreatic cancer (PC) 30 , hepatocellular carcinoma (HCC) [31] [32] [33] , and esophageal squamous cell carcinoma (ESCC) [34] [35] [36] [37] [38] . Yang et al indicated that HOTAIR could activate autophagy by increasing expression of autophagyrelated 3 (ATG3) and autophagy-related 7 (ATG7) and promoting HCC cell proliferation. 39 Kim et al suggested that HOTAIR is a negative prognostic factor for patients with PC, and HOTAIR-mediated suppression of genes in PC is both PRC2 dependent and PRC2 independent. 30 Ge et al illuminate that HOTAIR directly decreased WIF-1 expression by promoting its histone H3K27 methylation in the promoter region and then activated the Wnt/b-catenin signaling pathway. This identified HOTAIR/WIF-1 axis clarified the molecular mechanism of ESCC metastasis. 36 Thus, HOTAIR might serve as a biomarker for patients' prognosis in digestive cancers.
Previous Studies
So far, it was not rare to detect the high HOTAIR expression in both primary and metastasized tumors of digestive cancers, and HOTAIR was also reported to be a novel effective prognostic biomarker and therapeutic target for digestive cancers. There were several studies suggesting that HOTAIR was significantly associated with clinicopathological features. However, most studies that reported about the prognostic value of HOTAIR were limited in discrete outcome and sample size. Therefore, we performed this meta-analysis to evaluate the association between HOTAIR expression and clinical outcomes in digestive cancers, and the prognostic value of HOTAIR expression was investigated as a prognostic biomarker in digestive cancers.
Materials and Methods

Search Strategy
We searched the PubMed, Embase, Web of Science, and Cochrane Library databases to identify the relevant articles according to the following terms: "long intergenic noncoding RNA" or "lncRNA," "HOX transcript antisense intergenic RNA" or "HOTAIR," "cancer" or "tumor" or "carcinoma" or "neoplasm." The published language was limited to English, and the literature search was conducted up to October 7, 2017.
Inclusion and Exclusion Criteria
The studies were considered eligible according to the following criteria: (1) any type of human digestive cancers was studied; (2) studies investigating the prognostic role of HOTAIR in digestive cancers; (3) the expression of HOTAIR in cancerous tissues must be detected; (4) the digestive cancers must be histopathologically confirmed in the study; (5) the sample size was large enough to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for survival rates; (6) patients were divided into 2 groups according to the levels of HOTAIR expression; and (7) the language of the study was limited to English. Exclusion criteria were as follows: (1) letters, editorials, expert opinions, case reports, and reviews; (2) duplicate publications; (3) irrelevant, noncomparative, or nonhuman research; and (4) studies without usable data for further studies.
Data Extraction and Quality Assessment
To validate the accuracy of extraction data, 2 authors (YZ and TX) extracted data independently from the eligible studies using standardized data compilation forms, and disagreements were resolved by discussion (SZ). For all included studies, the following information was collected: first author, year of publication, region, type of cancers, tumor node metastasis (TNM) stage, sample size, cutoff values, follow-up, detection method, adjuvant therapy before surgery, survival analysis, and outcome measure. The clinicopathological features including age, gender, tumor size, differentiation, TNM stage, lymph node metastasis, and distant metastasis were also extracted from the studies. Quality assessment was performed independently by 2 investigators (YZ and TX) and reached a consensus on all items through discussion. The quality of included studies was assessed based on the Newcastle-Ottawa quality assessment scale (NOS). 40 
Statistical Methods
We obtained the HRs and 95% CIs from the studies. The best way to extract the data was by obtaining parameters directly from the studies or calculating the HRs from O-E statistic and variance. 41, 42 The second way was to estimate the HRs from sample size, survival rate at specified times, log-rank statistic, and P value. Otherwise, Kaplan-Meier curves were analyzed using the Engauge Digitizer version 4.1 (http://digitizer.source forge.net/) to retrieve HRs and 95% CIs. A test of heterogeneity of combined odds ratios (ORs) or HRs was conducted by using Cochran Q test and Higgins I 2 statistic. P values <.1 was considered significant. I 2 values >50% indicate heterogeneity among studies. The meta-analysis results were displayed as forest plots. Sensitivity analysis was performed to test the impact of individual study on the pooled data while I 2 values >50%. Begg funnel plots and Egger linear regression test were performed to estimate potential publication bias. This metaanalysis was conducted by software Stata 12.0. All the results were output by Stata 12.0. P values <.05 were considered statistically significant.
Results
Literature Search
We searched 363 citations from the PubMed, Embase, Web of Science, and Cochrane Library databases using the abovementioned search strategy. After removing duplications, 30 articles were excluded. After detailed screening of the title and abstract, irrelevant and noncomparative articles were excluded, and 51 potential eligible studies were selected. After further evaluation of the full studies, a total of 22 studies with 1844 patients were selected for the further analysis. A flowchart of the study selection process is shown in Figure 1 .
The characteristics of included studies are shown in Table 1 . For all studies, 4 were about CRC, 9 were about GC, 1 was about PC, 3 were about HCC, and 5 were about ESCC. Those 22 studies were reported from around the world: 14 from China, 1 from the USA, 5 from Japan, 1 from Korea, and 1 from Czech, and publication years when these studies were reported ranged from 2011 to 2017. In all 22 studies, patients were divided into high and low HOTAIR expression groups. Some of the studies used receiver-operating characteristic curve (ROC) analysis to define the cutoff value, and some of them used median or mean value of HOTAIR expression, but 3 of them did not report the cutoff value they used in their studies. The follow-up of the 22 studies ranged from 30 to 200 months. The sample size ranged from 39 to 168. Sixteen of the studies reported the overall survival (OS) of patients based on HOTAIR expression levels, 2 of them also reported the metastasis-free survival (MFS), 2 studies reported the disease-free survival (DFS), and 2 studies reported the recurrence-free survival (RFS). We extracted the HRs and 95% CIs from every study. The HRs could be obtained directly from 10 studies, and HRs of 12 of studies were extrapolated by graphical representations of the survival curve.
Association Between HOTAIR and Patients' Survival in Digestive Cancers
To study the association between expression of HOTAIR and OS in digestive cancers, 16 studies reporting a total of 1505 patients were included. The results showed that high HOTAIR expression was significantly associated with poor OS (pooled HR ¼ 2.19, 95% CI, 1.86-2.57, P < .001) with no heterogeneity (I 2 ¼ 9.2%, P ¼ .345; Figure 2 ). Furthermore, subgroups analysis was performed based on tumor type, region, sample size, and NOS.
We found that overexpression of HOTAIR was significantly correlated with poor OS in patients with CRC (HR ¼ 3.19, 95% CI, 1.67-6.07, P < .001), GC (HR ¼ 1.98, 95% CI, 1.48-2.66, P < .001), PC (HR ¼ 2.29, 95% CI, 1.18-4.44, P ¼ .014), HCC (HR ¼ 3.26, 95% CI, 1.34-7.93, P ¼ .009), and ESCC (HR ¼ 2.27, 95% CI, 1.73-2.98, P < .001; Figure 3A) . Based on NOS, subgroup analysis indicated that there is a significant association between expression of HOTAIR and OS in studies with NOS >6 (HR ¼ 2.45, 95% CI, 2.00-3.00, P < .001) and in studies with NOS <6 (HR ¼ 1.81, 95% CI, 1.46-2.26, P < .001; Figure 3B ). We also found that upregulation of HOTAIR expression predicted poor OS in patients with digestive cancers in Asian countries (HR ¼ 2.21, 95% CI, 1.84-2.64, P < .001) and Western countries (HR ¼ 2.29, 95% CI, 1.40-3.75, P ¼ .001; Figure 3C ). Besides, our results found that HOTAIR is a vital prognostic marker of OS in studies with sample size >100 (HR ¼ 2.24, 95% CI, 1.61-3.12, P < .001) and the studies with sample size <100 (HR ¼ 2.29, 95% CI, 1.87-2.81, P < .001; Figure 3D ).
In addition, our analyses showed that there was a significant association between HOTAIR expression and MFS (HR ¼ 4.24, 95% CI, 2.24-8.03, P < .001), RFS (HR ¼ 2.56, 95% Figure 4 ).
Association Between HOTAIR and Clinicopathological Characteristics of Cancers
The association between HOTAIR expression and clinicopathological characteristics was assessed in 14 studies with 5 types of digestive cancer including 1179 patients. (Table 2) .
Publication Bias
To assess the publication bias, Begg funnel plot and Egger test were performed. The results indicated that the shapes of the funnel plots are asymmetrical, and publication bias was significant by Begg test (z ¼ 2.65, P ¼ .008) and Egger test (t ¼ 5.16, P < .001; Figure 5A ). Then, the nonparametric "trim-and-fill" method was used to replace 7 missing studies. After the "trimand-fill" adjustment, the estimated pooled HR was 1.97, with 95% CI being 1.64-2.37 (P < .001; Figure 5B ).
Discussion
HOTAIR is one of the most important lncRNAs that is implicated in various types of cancers. It has been demonstrated that lncRNAs involved in progression and metastasis of cancer through the mechanism of chromosome remodeling, transcription, and posttranscriptional processing. Recent study found that HOTAIR influences progression of PC by regulating the expression of miR-663b via the histone modification. 43 In addition, Zhang et al suggested that HOTAIR might regulate cell cycle progression through enhancer of zeste homolog 2 (EZH2) in glioma. 44 Meanwhile, HOTAIR adjusts the expression of human epidermal growth factor receptor 2 (HER2), which results in the regulation of GC progression. 45 Kim et al showed that HOTAIR could promote tumor aggressiveness through the upregulation of vascular endothelial growth factor (VEGF), matrix metalloproteinase-9 (MMP-9), and epithelial-tomesenchymal transition (EMT)-related genes in cervical cancer. 46 Gao et al illuminate that HOTAIR is important in the progression and recurrence of HCC, partly through the regulation of the Wnt/b-catenin signaling pathway. 47 Also, the results of many studies revealed that the activities of several kinds of regulatory factors might be affected by the genetic variants of HOTAIR. And further, it could cause the overexpression of HOTAIR, which might be one of the underlying mechanisms that affect cancer prognosis. Jin et al demonstrated that HOTAIR rs7958904 might influence cervical cancer susceptibility through modulation of cervical cancer cell proliferation and could serve as a diagnostic biomarker. 48 It has been reported that the predisposition for cervical cancer might be associated with one kind of single nucleotide polymorphism (SNP) in HOTAIR (rs920778). 49 Thus, it is important and necessary to combine these published data through meta-analysis and evaluate the association between expression of HOTAIR and prognosis as well as clinicopathological characteristics in patients with digestive cancer.
In this meta-analysis, 22 studies including 1844 patients were involved. It assessed the prognostic role of HOTAIR expression in digestive cancers and provided sufficient evidence for the association between HOTAIR expression and clinicopathological characteristics of digestive cancers. In 5 types of digestive cancer (CRC, GC, PC, HCC, and ESCC), overexpression of HOTTAIR could predict a poor outcome for OS. All the results of our article indicated that HOTAIR might be a hopeful prognostic biomarker for patients with digestive cancer. Besides, subgroup analysis was also used in order to investigate the association between HRs and these variables, including type of cancer, region of participants, sample size, and NOS. Then, the association between expression of HOTAIR and clinicopathological characteristics was examined. We found that abnormal expression of HOTAIR in digestive cancer was significantly correlated with clinicopathological variables including differentiation, TNM stage, lymph node metastasis, and distant metastasis. As a result, these findings indicated that HOTAIR may act as a hopeful prognostic biomarker to predict patients' survival in different types of digestive cancers. We also tested the publication bias of studies, and the result of Begg funnel plot and Egger test showed the shapes of the funnel plots seemed asymmetrical. However, through the trim-and-fill adjustment, we believed this meta-analysis was stable.
In previous studies, Wang et al performed a meta-analysis including 13 studies and indicated that HOTAIR could be exploited as a novel prognostic biomarker for patients with digestive cancer. 50 However, our article had larger sample size and updated data. Furthermore, we did a more reasonable subgroup analysis and examined the relation between high HOTAIR expression and clinicopathological variables. In 2015, Tian et al performed a meta-analysis including 8 studies and provided evidence that HOTAIR rs920778 may modify the susceptibility to certain cancer types. 51 Meanwhile, this metaanalysis only included 8 studies, and the majority of the participants were Chinese, and the number of caucasian participants included in this study was relatively small. Finally, they did not examine the relation between genetic variants of HOTAIR and clinicopathological variables. Consequently, the results from our article might be more credible and valuable.
Several limitations exist in this meta-analysis. First, we should have made a specific definition of the cutoff value of HOTAIR expression level, while the researchers of all included studies did not use the same cutoff value and some of the studies even did not report it. Second, in our article, some of the studies only showed Kaplan-Meier curves and sample size and the survival rate at specified time without HRs and CIs. Hence, the HRs and CIs were only calculated by the data and figures, and it might cause some imprecision. Third, different kinds of treatment strategies might affect patients' survival, which cause heterogeneities among studies. However, we did not perform the stratified analysis by the treatment strategies because we did not find any randomized clinical trials, or the data were not available. Fourth, the language of the involved studies was limited to English, and most of the included studies reported positive results; however, the studies that reported negative results were rare. Therefore, the unpublished articles in other languages were missed, which might cause a publication bias. Thus, our results might overstate the prognostic value of HOTAIR in digestive cancers. The above issues which were mentioned should be addressed in the further randomized controlled trial.
In conclusion, this meta-analysis indicated that there was an association between expression of HOTAIR and prognosis in patients with digestive cancer. Meanwhile, the results of our article showed that abnormal HOTAIR expression in digestive cancer was significantly correlated with clinicopathological variables including differentiation, TNM stage, lymph node metastasis, and distant metastasis. Therefore, HOTAIR could sever as a novel prognostic biomarker in patients with digestive cancers. In further studies, the relation between HOTAIR and digestive cancers and even other kinds of tumors may be identified by studies that have larger sample size and updated data.
Authors' Note
Yun Zhang and Yu Zhou contributed equally to this work.
Declaration of Conflicting Interests
The author(s) declared no potential conflict of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
